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INTRODUCTION 


The  Identification  of  1 ,1-dlmethylnltrosamlne  (DMN)  In  a  wastewater 
stream  leaving  the  Holston  Army  Ammunition  Plant  (HAAP),  was  reported  In 
a  January  1979  progress  report  from  Midwest  Research  Institute  (MRI)  to 
the  US  Army  Medical  Bioengineering  Research  and  Development  Laboratory 
(USAMBRDL).  MRI  reported  finding  DMN  In  grab  samples  taken  from  three 
locations  at  HAAP. 

The  wastewater  stream  containing  DMN  was  generated  from  the  blowdown 
of  an  ammonia  recovery  distillation  column  housed  In  Building  A-l.  Feed- 
water  for  this  operation  Isa  wastewater  generated  during  production  of 
RDX.  The  production  wastewater  Is  collected  and  stored  prior  to  ammonia 
recovery  processing.  When  the  storage  tank  Is  filled,  (approximately 
6  months  are  required  for  filling  the  tank  at  current  production  levels) 
the  distillation  column  Is  put  Into  operation.  Approximately  4  to  5  days 
of  continuous  column  operation  are  required  to  empty  the  storage  tank. 

The  blowdown  from  the  column  Is  discharged  to  a  drainage  ditch  which 
eventually  discharges  to  Arnott  Branch,  a  feeder  stream  to  the  Holston 
River. 

The  samples  for  the  Midwest  Research  Institute  study  were  collected 
from  the  bottom  of  the  distillation  column  (still  bottoms)  and  at  two 
sites  on  the  Arnott  Branch.  The  first  branch  site  was  located  40  feet 
downstream  from  the  junction  of  the  drainage  ditch  and  the  Arnott  Branch. 
The  second  site  was  500  feet  downstream  from  the  branch  and  ditch  junction. 
The  concentration  of  DMN  contained  in  the  one  quart  grab  samples  collected 
at  these  sites  are  shown  In  Table  l.1 


TABLE  1.  DIMETHYLNITROSAMINE  CONCENTRATION  (mg/1) 


Site  1 

Site  2 

Site  3 

Day  1 

Day  3 

Day  1 

Day  3 

Day  1 

Day  3 

500 

(one 

analysis) 

500 

(one 

analysis) 

0.87+0.03 

(two 

analyses) 

l.fitO.l 

(two 

analyses) 

6.2±1.0 

(four 

analyses) 

11.6 

(one 

analysis) 

Results  of  the  MRI  findings  were  sent  to  the  US  Army  Environmental 
Hygiene  Agency  (USAEHA)  where  the  problem  could  receive  additional  atten¬ 
tion.  In  February  of  1979,  USAEHA  conducted  a  comprehensive  sampling  of 
HAAP  wastewaters  to  determine  concentration  of  DMN  In  the  wastestream. 
USAEHA  personnel  collected  samples  at  the  same  sites  as  MRI.  Additionally, 
distillation  column  feedwater  was  sampled. 


Grab  samples  taken,  by  USAEHA,  of  the  distillation  column  feedwater 
contained  DMN  concentrations  ranging  from  7  to  18  mg/1  with  a  mean  of 
12  mg/1.2  The  DMN  concentration  In  the  grab  samples  collected  from  the 
still  bottoms  also  ranged  from  7  to  18  mg/1  with  a  mean  of  14  mg/1.  Seven 
samples  were  taken  from  the  feed  and  10  taken  from  the  still  bottoms. 

There  was  no  significant  difference  between  the  feed  and  bottoms.  Results 
of  the  USAEHA  samples  collected  500  feet  from  the  junction  of  Arnott 
Branch  and  the  ditch,  showed  DMN  concentration  of  0.036  mg/1. 

This  study  was  conducted  on-site  at  HAAP  during  the  period  from 
12  to  14  September  1979.  USAEHA  analyzed  the  sample  for  DMN  by  using  GC 
and  GC/MS. 


OBJECTIVE 

The  objective  of  this  study  was  to  provide  information  on  the 
feasibility  of  using  ozone  (03),  ultraviolet  light  catalyzed  ozone  (UV/03), 
and  ultraviolet  light  (UV)  treatment  for  removal  of  DMN  from  a  waste  stream. 


EXPERIMENTAL 


General 

Oxidation  of  organic  compounds  with  ozone  is  a  relatively  new  process 
in  wastewater  treatment.  Ozone  has  the  ability  to  reduce  the  total 
organic  carbon  (TOC),  chemical  oxygen  demand  (COD)  and  biochemical  oxygen 
demand  (BOD)  of  wastewater  streams.  Organic  compounds  can  be  oxidized, 
to  C02  and  HgO,  while  nitrogen  can  be  oxidized  to  NOj.3  McCarthy  et  al.4 

have  shown  that  TOC  can  be  removed  by  total  oxidation.  TOC  removal  rates 
Increase  at  high  pH  values.5-7  The  rate  of  TOC  removal  Is  dependent  on 
the  availability  of  ozone,  which  is  Itself  dependent  on  the  rate  of  mass 
transfer  of  03  from  the  gas  phase  to  the  liquid  media.  Ultraviolet  light 
is  often  used  as  a  catalyst  to  Increase  ozonation  efficiency.® 

Photolysis  Is  another  method  that  may  be  used  to  degrade  chemical  com¬ 
pounds.  In  this  process,  the  compound  absorbs  the  radiation  and  becomes 
energized.  The  excited  compound  may  be  transformed  to  a  dl rad leal  and 
degrade.  The  rate  of  degradation  Is  dependent  on  the  wavelength  of  the 
radiation  and  the  Intensity  of  the  radiation.  Ultraviolet  lamps  produce 
a  light  which  Is  more  Intense  than  UV  light  In  ordinary  sunlight  and 
therefore  may  be  effective  In  waste  treatment.9 
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Materials 


Substrate.  Wastewater  samples  containing  DMN  were  collected  from  the 
•  distillation  column  blowdown  discharge,  for  seven  of  the  eight  experiments. 

Distillation  colunn  feed  was  used  for  one  experiment. 

,  Reactor.  The  stainless  steel  reactor  column  (Fig.  1),  Is  6.6  Inches 

In  diameter.  Is  78  Inches  tall,  resulting  In  a  cross  sectional  area  of 
2  3 

31.4  In  and  a  reactor  volume  of  2449.2  In  .  A  sintered  stainless  steel 
gas  sparger,  having  a  mean  pore  size  of  5  microns.  Is  located  approximately 
2  Inches  above  the  base  of  the  reactor.  A  34-watt  UV  lamp  running  verti¬ 
cally  through  the  center  of  the  column,  emits  light  at  a  wavelength  of 
253.7  nm. 

The  reactor  Is  capable  of  batch  or  continuous  operation.  With  gas  flow 
rates  of  20  SCFH  and  above,  the  reactor  contents  are  completely  mixed.4 

Approach 

General.  A  schedule  for  the  experimental  treatments  Is  presented  In 
Table  2.  Prior  to  the  start  of  a  run,  30  liters  of  wastewater  were  pumped 
into  the  reactor.  A  time  *  0  sample  was  collected  from  the  reactor  before 
Initiating  treatment.  Each  experimental  run  was  2  hours  in  duration  with 
reactor  samples  collected  at  15  minute  Intervals.  All  experiments  were 
conducted  In  batch  mode. 


TABLE  2 .  SCHEDULE  OF  EXPERIMENTAL  TREATMENTS 


Run  No. 

Day 

Time 

Treatment 

1 

12  Sep 

1340-1540 

Air  stripping  only 

2 

1 3  Sep 

0850-1050 

Ozone 

3 

13  Sep 

1120-1320 

Ultraviolet  1 Ight 

4 

13  Sep 

1350-1550 

Ultraviolet  light  -  ozone 

5 

14  Sep 

0835-1035 

Ultraviolet  light  -  ozone 

6 

14  Sep 

1100-1300 

Ultraviolet  light 

7 

14  Sep 

1340-1540 

Ultraviolet  light8 

a.  Feed  material  was  the  wastewater  entering  Building  A-l. 
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The  stripping  experiment  (run  #1)  was  conducted  by  bubbling  dry  com¬ 
pressed  air  at  10  psig  and  20  SCFH  through  the  reactor.  The  purpose  of 
this  experiment  was  to  evaluate  the  volatility  of  DMN. 


Ozone  oxidation  (run  #2)  was  carried  out  by  bubbling  an  air/ozone 
mixture  containing  approximately  1  weight  percent  ozone  through  the 
reactor  at  10  psig  and  20  SCFH. 


During  the  UV  experiments  (runs  #3  and  6)  air,  again  at  10  psig  and 
20  SCFH,  was  bubbled  through  the  column  to  maintain  mixing  during  the 
treatment. 


UV  catalyzed  ozone  oxidation  (runs  #4  and  5)  was  carried  out  under 
the  same  conditions  as  oxidation  with  ozone  above,  with  the  only  differ¬ 
ence  being  the  presence  of  the  UV  light  source. 

The  final  experiment  (run  #7)  was  performed  using  the  distillation 
column  feedwater  as  a  substrate.  During  this  experiment  no  air  was  intro¬ 
duced  into  the  column.  Mixing  was  maintained  by  recirculating  the  waste- 
water  through  the  column. 

Sampling  and  Analysis.  At  the  time  of  sample  collection  during  each 
experimental  run,  wastewater  temperature  and  pH  were  recorded.  All  samples 
were  collected  in  amber  jars  with  teflon  lined  caps  and  then  placed  in  a 
box  to  eliminate  exposure  to  sunlight.  Laboratory  analyses  of  all  samples 
for  DMN  concentration  were  performed  at  USAEHA  utilizing  gas  chromatography 
and  mass  spectrometry. 


RESULTS 

Data  presented  in  Table  3  shows  that  the  DMN  concentration  in  the 
wastewater  was  not  reduced  by  treatment  with  ozone.  Fotchman  and 
Eisenberg,10  and  Perry  et^aK  ,1X  reported  similar  results  using  an  aqueous 
solution  of  DMN. 

Limited  destruction  of  DMH  was  noticed  (Table  4  and  Figure  2)  when  the 
wastewater  was  treated  with  ozone  in  the  presence  of  UV  light. 

The  data  in  Table  5  and  Figure  3  show  that  UV  light  was  an  effective 
method  for  reducing  the  DMN  concentration  and  that  the,rate  of  reduction 
of  DMN  was  first  order.  A  rate  constant  of  0.025  min"  was  computed 
using  least  squares.  The  determination  coefficient  (r)  was  0.996.  Ninety- 
five  percent  of  the  DMN  was  degraded  within  the  2  hour  run.  Therefore, 
based  upon  the  rate  constant,  184  minutes  would  be  required  to  degrade 
99  percent  of  DMN. 
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TABLE  3.  OZONE  TREATMENT  OF  BUILDING  A-l  EFFLUENT 


Contact 

Time 

(min) 

pH 

Temp 

(°C) 

DMN 

(mg/1) 

HAAP  13  Sep  0850-1050 

0 

8.52 

44.0 

11.1 

15 

8.30 

44.0 

11.4 

30 

8.08 

43.8 

11.1 

45 

7.98 

42.4 

— 

60 

7.83 

42.2 

10.8 

75 

7.77 

41.4 

— 

90 

7.69 

40.8 

— 

105 

7.65 

40.1 

— 

120 

7.61 

39.3 

11.3 

TABLE  4.  ULTRAVIOLET  LIGHT  -  OZONE  TREATMENT  OF  BUILDING  A-l  EFFLUENT 


Contact 


Time 

(min) 

pH 

Temp 

(°C) 

DMN 

(mg/1) 

pH 

Temp 

(°C) 

DMN 

(mg/1) 

HAAP  13  Sep  1350-1550 

HAAP  14  Sep  0835-1035 

0 

7.80 

33.0 

9.8 

8.52 

42.2 

13.0 

15 

7.56 

32.8 

6.9 

8.24 

42.5 

-- 

30 

7.31 

32.6 

5.0 

8.06 

43.0 

7.2 

45 

7.18 

33.0 

2.9 

7.87 

42.5 

— 

60 

7.11 

34.0 

1.8 

7.75 

42.2 

2.8 

75 

7.02 

34.1 

1.2 

7.65 

41.5 

— 

90 

6.95 

34.3 

0.5 

7.62 

41.3 

— 

105 

6.92 

34.7 

0.4 

7.52 

41.1 

-- 

120 

— 

-- 

0.2 

— 

-- 

0.4 

Figure  3 


TABLE  5.  ULTRAVIOLET  LIGHT  TREATMENT  OF  BUILDING  A-l  EFFLUENl 


Contact 

Time 

(min) 

pH 

Temp 

(°C) 

DMN 

(mg/1) 

pH 

Temp 

(°c) 

DMN 

(mg/1) 

HAAP  13  Sep  1120-1320 

HAAP  14  Sep  1100-1300 

0 

8.15 

44.3 

10.0 

8.18 

44.0 

13.0 

15 

8.22 

44.0 

6.4 

8.17 

43.8 

9.5 

30 

8.28 

43.7 

4.4 

8.24 

43.3 

6.0 

45 

8.26 

43.0 

3.6 

8.26 

42.9 

4.0 

60 

8.27 

42.5 

2.4 

8.28 

41.8 

2.4 

75 

8.25 

42.4 

1.6 

8.30 

*1.6 

2.0 

90 

8.24 

41.9 

1.2 

8.28 

41.2 

1.2 

105 

8.21 

41.6 

0.8 

8.20 

41.4 

0.9 

120 

8.23 

41.0 

0.5 

8.19 

41.1 

0.6 

Data  presented  In  Table  6  and  Figure  4  is  that  obtained  during  ultra¬ 
violet  light  treatment  of  the  distillation  column  feedwater.  This  run 
also  demonstrated  first-order  reduction  of  DMN.  Using  least  squares,  a 

rate  constant  of  0.044  min”^  was  computed  having  a  determination  coefficient 
(r)  of  0.993.  The  higher  rate  constant  would  yield  99  percent  reduction 
of  DMN  after  2  hours  contact  time. 
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TIME  (min) 

First-Order  Rate  Determination  of  the  Disappearance  of  DMH  in  the 
Influent  to  Building  A-l  by  UV  Light. 


CONCLUSIONS 


Analysis  of  the  results  from  treatments  performed  on  the  distillation 
colunn  blowdown,  leaving  building  A-l ,  led  to  the  following  conclusions. 

•  Ozonation  did  not  reduce  the  concentration  cf  dlmethylnltrosamine 

•  Ozonation  will  not  reduce  the  concentration  of  DMN  when  ultraviolet 
light  Is  used  as  a  catalyst 

•  UV  photolysis,  at  a  wavelength  of  253  nm,  provided  a  favorable 
rate  of  DMN  reduction 

The  single  experiment  conducted  using  ultraviolet  light  for  treatment 
of  the  distillation  column  feedwater  showed  the  most  favorable  rate  of 
DMN  reduction.  The  Increased  rate  of  DMN  removal  Is  most  likely  due 
to  the  higher  pH  of  the  feedwater. 


RECOMMENDATIONS 

The  experiments  conducted  during  this  study  Indicate  that  reduction 
of  DMN,  In  both  armionla  recovery  distillation  column  feedwater  and  blow¬ 
down,  can  be  attained  by  treatment  with  UV  light.  The  conclusions  of  this 
study  should  be  utilized  to  form  a  basis  for  additional  investigation 
directed  at: 

•  Identifying  the  products  of  UV  photolysis 

•  Optimizing  the  UV  lamp  intensity,  UV  wavelength,  pH  and  mixing 
characteristics  of  the  treatment  system 
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